Phenomenon of sleep
===================

Sleep is a cyclic, physiologic state of decreased responsiveness from which individuals arise spontaneously.[@b1-nss-3-101] It has long been considered as a largely negative phenomenon in which vigilance is switched off. However, it is now clear that it is a period of intense brain activity involving higher cortical functions with considerable physiologic activity, to the extent that the brain is considered more active during sleep than during wakefulness.[@b2-nss-3-101]--[@b4-nss-3-101]

Infants and young children spend a majority of their time asleep, suggesting that sleep is important for the developing brain and body. By 3 years of age, the child has spent more time sleeping than in all wakeful activities combined.[@b3-nss-3-101]

The importance of sleep to overall health and well-being is becoming increasingly appreciated, and the lack of adequate education in the area of sleep is a concern that has only recently gained recognition.[@b5-nss-3-101] Sleep--wake disorders afflict close to a third of all children.[@b1-nss-3-101] Approximately 25% of children younger than 5 years experience some type of sleep problem.[@b6-nss-3-101]

Physiology
==========

Familiarity with sleep physiology is fundamental to understanding pediatric sleep disorders.[@b1-nss-3-101] Sleep occurs in reptiles and birds, and nearly all mammals sleep and dream. Sleep is necessary for life, with sleep deprivation in the rat being reported to result in weight loss despite increased food intake, metabolic and thermoregulatory imbalance, and death in about 1 month.[@b7-nss-3-101]

The two main neurobiologic processes believed to regulate sleep and wakefulness are the circadian process, an internal clock that dictates periods of wakefulness and sleep based on a light-dark cycle, and the homeostatic process, in which the requirement for sleep builds up during waking hours and is relieved by sleep.[@b8-nss-3-101],[@b9-nss-3-101]

The circadian rhythm is actually about 25 hours in the absence of synchronization with cues from the environment, thus longer than the 24-hour clock day. Light exposure signals waking and darkness signals sleep, therefore, light exposure prior to the onset of sleep can interfere with sleep onset. Many other social and environmental cues affect the circadian rhythm, including mealtimes, ambient temperature, noise, bedtime routines, physical activity, pain, and medications.[@b4-nss-3-101] There is also a circadian rhythm to other functions, including endocrine hormone secretion, core body temperature, and sensory processing.[@b10-nss-3-101] Sleep--wake rhythms are closely linked to body temperature, ie, one tends to be most sleepy around the nadir of core body temperature, which is 4 am, whereas a rise in body temperature during the morning coincides with alertness.[@b1-nss-3-101]

The homeostatic process is the mechanism that involves the sleep debt accumulated during waking hours, which leads to an increase in the sleep drive. It enables the body and mind to rejuvenate and restores alertness.[@b9-nss-3-101]

During sleep, an ultradian rhythm determines the timing and duration of sleep states. The ultradian rhythm refers to the alternation of two distinct types of sleep, ie, nonrapid eye movement (NREM) and rapid eye movement (REM) sleep throughout the sleep period. Each type is associated with distinctive levels of arousal, autonomic response, brain activity, and muscle tone.[@b5-nss-3-101]

NREM sleep has been categorized into four distinct stages according to electroencephalographic changes. The stages represent gradations in depth of sleep and difficulty of arousal, with stage 1 being the lightest and stage 4 being the deepest.[@b4-nss-3-101] The differentiation of NREM sleep into four distinct stages is completed by 6 months of age. The distinguishing electroencephalographic characteristics of the

NREM stages are:

-   Stage I or drowsiness, mixed frequency (theta, alpha, and delta), isolated vertex sharp transients, slow rolling eye movements

-   Stage II, prominent sleep spindles and K complexes

-   Stage III, delta slowing constitutes 20%--50% of a 30 second epoch

-   Stage IV, delta slowing constitutes 50% or more of a 30 second epoch.[@b1-nss-3-101]

When first drifting off, the child enters stage 1 NREM sleep, which is characterized by reduced body movements and responsiveness. This stage comprises approximately 2%--5% of total sleep, with the majority occurring at the beginning of the sleep period. Stage 2 sleep then follows, and is considered the onset of true sleep. It is characterized by decreased eye movements, reduced muscle tone, and deceleration of respiration and heart rate. The child may move freely and reposition in bed. About one half of the total sleep time is spent in stage 2, with the majority occurring in the middle of the night. The third and fourth stages are nearly identical and are together called delta, deep, or slow-wave sleep. These stages are characterized by a relaxed body position, slow and rhythmic breathing, and a decreased heart rate. Arousal is difficult and if awakened, the child will appear confused and disoriented. The predominance of slow-wave sleep is seen in the early hours of the sleep period, and constitutes approximately 20% of total sleep time.[@b4-nss-3-101],[@b5-nss-3-101],[@b18-nss-3-101]

REM sleep is characterized by bursts of rapid eye movements, electroencephalographic activity similar to that of the awake state, muscle paralysis, and vividly remembered dreams. Muscle twitches, facial expressions, and vocalizations related to the dream are observed, and frequent changes in respiration and heart rate are also common.[@b11-nss-3-101] The muscle paralysis in the presence of intense brain activity has led to the synonymous term "paradoxical sleep," whereby the paralysis protects the child from physically acting out the action in dreams.[@b4-nss-3-101] This stage is considered the time during which the brain "learns" from the experiences of the day. The proportion of REM sleep is highest in infancy (55%) and declines to about 20%--25% by the age of 5 years.[@b11-nss-3-101],[@b12-nss-3-101]

Normal sleep development
========================

In the newborn
--------------

At birth, the circadian rhythm is not fully developed, so sleep can occur as easily during the daytime hours as during the night. The normal, full-term newborn sleeps approximately 16--18 hours per day. The pattern of sleep and wakefulness is irregular, with the longest continuous sleep period being 2.5--4.0 hours, often synchronized with feeding times.[@b12-nss-3-101]

Three types of sleep are recognized in the newborn, ie, quiet sleep (equivalent to NREM sleep), active sleep (equivalent to REM), and indeterminate sleep. Quiet sleep is characterized by minimal muscle movements and rhythmic breathing cycles. During active sleep, sucking motions, twitches, smiles, frowns, irregular breathing, and gross limb movements (contrary to the typical REM sleep paralysis seen at later ages) are seen.[@b13-nss-3-101]

In the first few weeks of life, a sleep cycle consists of both active and quiet sleep periods in equal proportion. Each cycle lasts 50--60 minutes and sleep onset occurs through active (REM) sleep.[@b14-nss-3-101] Each sleep period lasts only one or two sleep cycles. Sleep periods are therefore shorter and more frequent than in an older child, resulting in easily interrupted sleep.[@b5-nss-3-101]

In infants and children
-----------------------

Infants younger than 6 months spend 50% of their sleep time in REM sleep, compared with 20% in adults. In infants, sleep starts with an initial active REM stage, in contrast with adults, who do not commonly enter REM sleep until 90 minutes into the sleep cycle. Until 6 months of age, sleep cannot be subdivided into the four electroencephalographic stages seen in the mature sleep pattern. By 6 months, the infant's sleep architecture closely resembles that of an adult's. The infant normally drifts from stage 1 NREM sleep into stage 3 or 4, may return to stage 1 and cycle again. After one to two cycles of NREM sleep, the infant enters REM stage. The first one third of the night is spent mostly in deep sleep (NREM stages 3 and 4) and the last one half is predominantly stage 2 NREM and REM ([Figure 1](#f1-nss-3-101){ref-type="fig"}).[@b12-nss-3-101],[@b15-nss-3-101]

Night-time sleep gradually becomes consolidated over the first year into a single continuous block, and daytime sleep gradually decreases over the first 3 years. By the age of 4 years, most children no longer require a daytime nap. Night-time sleep needs gradually decrease to become similar to the needs of an adult by adolescence.[@b15-nss-3-101]

Scope of sleep problems
=======================

Prevalence
----------

The overall prevalence of a variety of parent-reported sleep problems have been estimated to range from 25% to 50% in preschool-aged samples to 37% in a community sample of 4--10 year-olds.[@b16-nss-3-101] More than 40% of adolescents were also reported to have significant sleep complaints.[@b17-nss-3-101] A number of studies suggested that adolescents get less than adequate sleep on a regular basis.[@b18-nss-3-101],[@b19-nss-3-101] Sleep problems are more prevalent in certain pediatric populations, such as children with special needs, and in children with psychiatric or medical disorders. The prevalence of severe sleep problems in children with autism or pervasive developmental delays is estimated to be more than 40%.[@b20-nss-3-101] Moreover, sleep concerns were ranked as the fifth leading concern of parents, following illness, feeding, behavioral problems, and physical abnormalities. Parents were also noted to be more concerned about sleep problems than difficulties with language development, motor development, toileting, and teething.[@b21-nss-3-101]

Impact
------

Sleep problems in children and adolescents have a significant impact on all aspects of functioning.[@b22-nss-3-101] A wealth of empiric evidence indicates that children and adolescents experience significant daytime sleepiness as a result of inadequate sleep. However, inadequate sleep in children may not manifest as drowsiness, yawning, and the "classic" manifestations of sleepiness that occur in adults. Instead, sleepiness often takes the form of mood and behavioral disturbances such as hyperactivity, poor impulse control, and neurocognitive dysfunctions, such as inattention, which result in significant social and learning problems.[@b21-nss-3-101],[@b23-nss-3-101] Higher-level cognitive functions, such as cognitive flexibility and the ability to reason and think abstractly, and other neuropsychologic functions, such as attention and memory, are also affected by disturbed sleep. In addition, health outcomes of inadequate sleep include an increase in accidental injuries, as well as deleterious effects on the cardiovascular, immune, and various metabolic systems, including glucose metabolism and endocrine function.[@b24-nss-3-101],[@b25-nss-3-101] Moreover, sleep problems are a significant cause of distress for parents, and may be one of the primary reasons for caregiver stress in families with children who have chronic illnesses.[@b26-nss-3-101],[@b27-nss-3-101]

Assessment of the patient
=========================

Sleep history
-------------

Evaluation of sleep problems involves a thorough history of the child's 24-hour routine, focusing on bedtime habits, night-time behavior, naps, and daytime behavior.[@b6-nss-3-101] Questions relevant to infants and preschool-aged children include the sleep environment (eg, crib or parents' room), sleep position (eg, prone or supine), need for sleep aids (eg, pacifier, rocking, patting), the time a child goes to bed and time of the final morning awakening, presence of habitual snoring, mouth breathing, sweating, gastroesophageal reflux, abnormal behavior suggestive of seizures and parasomnia, behavior during the daytime (irritability, hyperactivity, sleepiness), number of daytime naps and their duration, medication that may affect sleep--wake function, and the interventions the parents carry out to improve sleep. In school-aged children, inquiries regarding sleep environment and the sleep position are to be replaced by questions about the events that take place in the 2--3 hours prior to bedtime (eg, exercise, heavy meals) and daytime assessment should include questions about involuntary naps in the classroom, cataplexy, hypnagogic hallucinations, and any medication tried to promote alertness.[@b1-nss-3-101]

A sleep diary can be helpful in delineating the exact sleep pattern, and in collecting information regarding bedtime, frequency and duration of night-time wakings, nap frequency and duration, time of morning waking, and total sleep time.[@b28-nss-3-101] Data should be collected for a minimum of 2 weeks, including weekends, to reflect an accurate picture of the sleep problem.[@b6-nss-3-101]

During the evaluation of any sleep problem, cultural differences are important to consider because definitions of bedtime resistance and night waking are, to a large extent, culturally determined. Families must be evaluated in light of their own cultural views. There is a widely held belief that all infants should sleep alone and achieve the developmental milestone of "sleeping through the night," and that cosleeping may impair the child's ability to develop independence.[@b29-nss-3-101] However, in many cultures, cosleeping is common practice.[@b30-nss-3-101] Breastfeeding families also tend to have high rates of cosleeping. Research on cosleeping has shown mixed results, with some studies reporting that children experience decreased slow wave sleep and more frequent night awakenings, whereas other studies do not support these findings.[@b6-nss-3-101],[@b31-nss-3-101]

Physical examination
--------------------

A thorough physical examination should be performed in any child with a sleep complaint to look for medical causes that may disrupt sleep, such as otitis media (pain), chronic rhinitis (airway obstruction), and eczema (nocturnal itching). Chronic disorders, such as asthma, cerebral palsy, and blindness, can also result in sleep problems.[@b12-nss-3-101] Physical examination should focus on the causes and consequences of sleep-related disorders, and whether there are signs of failure to thrive, obesity, congenital anomalies of the nervous system or airway, abnormal facies, mouth breathing, enlarged tonsils or adenoids, bulbar dysfunction, clubbing, cyanosis, edema, or a heart murmur.[@b32-nss-3-101]

Investigations
--------------

Polysomnography, the technique of monitoring multiple physiologic parameters during sleep, is useful in the evaluation of intrinsic sleep disorders, and can also help to differentiate sleep disorders from nocturnal seizures.[@b28-nss-3-101] Generally, the electroencephalogram, eye movements, chin electromyogram, nasal airflow, thoracic and abdominal respiratory effort, electrocardiogram, and oxygen saturation are recorded continuously during sleep on a computerized system or on paper. Standard criteria for the scoring of sleep stages and respiratory events have been established.[@b1-nss-3-101]

The Multiple Sleep Latency Test (MSLT), on the other hand, consists of five naps that are recorded throughout the day at 2-hour intervals. Sleep latency (time taken to fall asleep) and REM latency (time until REM onset) are recorded for each nap. Normative values have been established for mean sleep latency, which is reported to range from 12 to 18 minutes, and is noted to decrease with increases in the Tanner stage of sexual development. Pathologic sleepiness is defined as an average sleep latency of less than 8 minutes. Normal alertness in preadolescent children is associated with average sleep latencies longer than 15 minutes. To determine whether daytime sleepiness is a consequence of abnormal night sleep, the test must be preceded the night before by polysomnography.[@b1-nss-3-101],[@b32-nss-3-101]

Actigraphy, that involves the continuous recording and storing of skeletal muscle activity for 1--2 weeks in a wristwatch-like microcomputer device, equates periods of muscle activity with wakefulness and lack of muscle activity with sleep. There is generally good correlation between the polysomnogram and actigraph-defined total sleep time, sleep latency, and sleep efficiency (percentage of time in bed spent sleeping).[@b1-nss-3-101]

Other diagnostic studies are also indicated based on history, physical examination, and sleep studies, including: soft tissue films of the airway if there is obstruction; echocardiogram and electrocardiogram in cases associated with heart failure; magnetic resonance imaging of the posterior fossa in patients with central apnea or other neurologic problems associated with control of breathing, signs of increased intracranial pressure, or diseases associated with brainstem compression; pH probe and upper gastrointestinal films to evaluate reflux; pulmonary function studies to assess breathing; and endocrine studies, especially thyroid function, should be obtained in patients with obesity or with Down syndrome.[@b32-nss-3-101]

Classification of sleep disorders
=================================

There are more than 80 ICD-9 classified sleep disorders, and scores of causes for both sleepiness and insomnia. *The International Classification of Sleep Disorders* was originally published in 1990 and was subsequently modified.[@b33-nss-3-101],[@b34-nss-3-101] Each sleep disorder must be considered in the context of age, because age influences the presentation; for example, sleep-disordered breathing resulting in adult sleepiness can contribute to death in infants. Moreover, a vast variety of intrinsic and extrinsic factors influence the presentation of sleep disorders in children, including stage of maturity of the nervous system, compliance of the chest wall, and obesity.[@b35-nss-3-101]

Dyssomnias are problems in which the child has trouble either falling or staying asleep at night, or experiences excessive sleepiness during the day.[@b28-nss-3-101] Dyssomnias are the major cause of disturbed night-time sleep and daytime sleepiness.[@b35-nss-3-101] They are noted in *Diagnostic and Statistical Manual of Mental Disorders Fourth Edition*[@b36-nss-3-101] as disorders of initiating or maintaining sleep, or of excessive sleepiness, which result in a disturbance in the quality, amount, or timing of sleep.

Parasomnias, on the other hand, involve behaviors or physiologic events that interrupt sleep after sleep onset, and include disorders of arousal, partial arousal, or with transition between the stages of sleep,[@b28-nss-3-101] ie, activation of the physiologic systems at inappropriate times during the sleep cycle.[@b5-nss-3-101] Although the exact prevalence is unknown, as a group, they are frequently experienced at the age of 3--8 years,[@b3-nss-3-101] and children who experience one of these problems are likely to experience symptoms of another sleep problem.[@b6-nss-3-101],[@b14-nss-3-101][Table 1](#t1-nss-3-101){ref-type="table"} lists the different sleep disorders based on *The International Classification of Sleep Disorders, Revised* 2001.[@b34-nss-3-101]

Intrinsic dyssomnias
====================

These include disorders that arise from an abnormality of the patient that alters the sleep process, and may include both psychologic and organic problems, such as obesity, congenital anomalies, obstructive sleep apnea, or primary abnormalities of sleep physiology, as seen in narcolepsy.[@b32-nss-3-101],[@b34-nss-3-101]

Obstructive sleep apnea
-----------------------

Obstructive sleep apnea comprises the most common form of breathing disorder during sleep.[@b37-nss-3-101]--[@b39-nss-3-101] Normally, breathing during sleep is quiescent, but intermittent periods of snoring can be noted. In contrast to intermittent snoring, chronic loud snoring may be a sign of at least partial, intermittent airway obstruction. Apnea events during sleep cause acute hemodynamic alterations that can result in systemic and pulmonary hypertension, decreased cardiac output, and increased right and left afterload.[@b40-nss-3-101] In the obstructive type, airflow is diminished or absent in the presence of continued chest and abdominal muscle movement due to partial or complete blockage in the upper airway. This differs from central apnea in which absence of chest and abdominal wall movement is noted, along with an absence of airflow and no apparent upper airway blockage.[@b41-nss-3-101]

Obstructive sleep apnea often results from adenotonsillar hypertrophy, neuromuscular disease, eg, muscular and myotonic dystrophy, congenital myopathies, and spinal muscular atrophy, and craniofacial abnormalities.[@b15-nss-3-101],[@b32-nss-3-101],[@b42-nss-3-101] Children with syndromes that involve micrognathia, such as Treacher Collins syndrome, Pierre Robin syndrome, and Goldenhar's syndrome, become obstructed at the hypopharyngeal level. In children with trisomy 21, a narrow upper airway combined with macroglossia and hypotonic musculature predisposes them to obstructive sleep apnea.[@b1-nss-3-101],[@b42-nss-3-101]

The mildest form of obstructive sleep apnea in children is upper airway resistance syndrome. Patients have symptoms of obstructive sleep apnea but lack the accompanying polysomnographic findings. While many children demonstrate intermittent snoring and mouth breathing, true obstructive sleep apnea results in detrimental clinical sequelae, such as failure to thrive, behavior problems, enuresis, and in severe cases cor pulmonale. The presenting problem in children with sleep-disordered breathing depends on the age. In children younger than 5 years, snoring is the most common complaint. Other symptoms reported by parents include mouth breathing, diaphoresis, paradoxic chest movement, restlessness, frequent awakenings, and witnessed apneic episodes. Children 5 years and older commonly present with enuresis, behavioral problems, decreased attention span, and failure to thrive, in addition to snoring. Compared with adults, fewer children with obstructive sleep apnea report excessive daytime somnolence, with the exception of obese children. In extreme cases of obstructive sleep apnea in children, cor pulmonale and pulmonary hypertension may be the presenting problems.[@b40-nss-3-101],[@b43-nss-3-101]--[@b45-nss-3-101]

The hypothesized etiology for failure to thrive is increased work of breathing, with subsequent increase in baseline caloric expenditure. Decreased production of growth hormone during fragmented sleep may contribute further to poor growth.[@b42-nss-3-101],[@b46-nss-3-101] The nocturnal polyuria of obstructive sleep apnea is evoked by the negative intrathoracic pressure due to the inspiratory effort posed against a closed airway, leading to cardiac distension and subsequently the release of atrial natriuretic peptide. This hormone increases sodium and water excretion and inhibits other hormone systems that regulate fluid volume, vasopressin, and the rennin-angiotensin-aldosterone complex. Treatment of obstructive sleep apnea has been reported to reverse nocturnal polyuria and thereby reduce or eliminate nocturia and enuresis.[@b47-nss-3-101]

Obstructive sleep apnea in adults is defined as a respiratory pause lasting 10 seconds or more. Children, on the other hand, have less functional residual capacity, faster resting respiratory rates and a more compliant chest wall, so a respiratory pause of 3--4 seconds can lead to desaturation. These findings have led to the development of separate guidelines for the interpretation of polysomnograms in children.[@b42-nss-3-101],[@b48-nss-3-101] The apnea-hypopnea index (AHI) is the total number of apneas (cessation of air flow as shown by the absence of oronasal air flow) and hypopneas (reduction in air flow, seen on either the thermistor or nasal pressure monitor, of greater than 50% with a desaturation of at least 3%) per hour of sleep, ie, the number of events of apneas and hypopneas that occur divided by the total duration of sleep.[@b39-nss-3-101] The normative data for children are not well defined; apnea indices are believed to vary across age groups, and many studies intended better delineation of the normative data in infancy and childhood.[@b39-nss-3-101],[@b48-nss-3-101] However, it is accepted that AHI ≤ 1 is considered to be normal and AHI \< 1 is considered diagnostic for obstructive sleep apnea according to pediatric standards.[@b42-nss-3-101],[@b48-nss-3-101]

Several options are available for the medical management of obstructive sleep apnea in children. If snoring and obstructive sleep apnea occur intermittently and are associated with recurrent tonsillitis or adenoiditis, antibiotic therapy may help. Recurrent infections accompanied by sleep disturbance may necessitate adenoton-sillectomy. Adenotonsillectomy remains the treatment of choice for most children with a strong clinical history of obstructive sleep apnea or with obstructive sleep apnea documented by polysomnography, and numerous studies have documented improvement in snoring, obstructive sleep apnea, enuresis, behavior, and growth following adenotonsillectomy.[@b47-nss-3-101] Continuous positive airway pressure is the treatment of choice when adenotonsillectomy is contraindicated or has failed; adjustment of the mask size every 6 months is recommended.[@b42-nss-3-101],[@b49-nss-3-101]--[@b51-nss-3-101] In obese children, weight loss is an imperative therapeutic measure. Treatment of rhinitis is important in children with obstructive sleep apnea secondary to nasal obstruction. Nasal steroid use may have a role but is unlikely to provide definitive therapy.[@b51-nss-3-101]--[@b53-nss-3-101]

Pediatric experience with uvulopalatopharyngoplasty has been limited to children with muscular hypotonia and oropharyngeal tissue redundancy.[@b54-nss-3-101] Tracheotomy is reserved for use in children with severe obstructive sleep apnea who have failed to improve with other medical and surgical treatments and in special cases in which these modalities are contraindicated or unlikely to be of benefit, as in Pierre Robin syndrome. In children with midfacial hypoplasia, craniofacial advancement may be indicated. Glossopexy, mandibular distraction or advancement, or tongue suspension should be considered in patients with micrognathia.[@b55-nss-3-101]

Central alveolar hypoventilation
--------------------------------

Central alveolar hypoventilation, on the other hand, is defective automatic regulation of breathing, which leads to a failure to initiate respiration during sleep. The respiratory pattern is similar to a normal fetal breathing pattern, and it was therefore understood as a failure to switch to mature respiratory patterns at birth. The disorder may present during infancy (congenital form, ie,"Ondine's curse") or in later childhood. The congenital form may be caused by developmental malformations of the brainstem, which may only be apparent on autopsy, and inborn errors of metabolism. Head injury, bulbar poliomyelitis, syringobulbia, and type II Arnold-Chiari malformation, are other underlying disorders, but sometimes no definite etiology is found. In the early stages of this disorder, the respiratory rate and depth are normal during wakefulness, but hypoventilation, hypercarbia, and oxygen desaturation appear during sleep. Challenging breathing, during NREM sleep, using 5% inhaled carbon dioxide, fails to induce the expected 3--5-fold increase in minute volume. There is no definite satisfactory treatment, but acetazolamide and theophylline are believed to enhance the chemoreceptivity of the brainstem respiratory neurons. Home ventilation via a tracheostomy and diaphragmatic pacing are other treatment modalities. The disorder may prove to be fatal.[@b1-nss-3-101],[@b32-nss-3-101]

Narcolepsy
----------

Narcolepsy is a chronic, lifelong disorder characterized by irresistible attacks of daytime sleepiness lasting 15--30 minutes, cataplexy (sudden loss of muscle tone in association with emotional stimuli like fright or surprise), and sleep paralysis (an inability to move for a few seconds at sleep onset).[@b1-nss-3-101] In children, it may present merely with excessive daytime sleepiness, without demonstrating cataplexy or other symptoms until after adolescence.[@b56-nss-3-101] Therefore, it is not uncommon for a child to be symptomatic for several years before the diagnosis of narcolepsy is considered.[@b57-nss-3-101],[@b58-nss-3-101]

Narcolepsy shows a genetic predisposition, with close to 100% of patients possessing the HLA DRB10602 antigen, the prevalence of which is only 25%--30% in the general population. Interestingly, both canine narcolepsy and human narcolepsy are associated with mutations in the hypocretin 2 receptor genes, with a resultant deficiency state.[@b1-nss-3-101]

Cerebrospinal fluid for hypocretin levels, HLA typing, and MSLT can aid in the diagnosis.[@b7-nss-3-101],[@b59-nss-3-101] The diagnostic features of narcolepsy on the nocturnal polysomnogram include a short REM latency of 45--60 minutes and increased sleep fragmentation. On the daytime MSLT, narcoleptics show a very short mean sleep latency of 5 minutes or less (normal 12--18 minutes), with sleep-onset REM periods on two or more nap opportunities of the MSLT.[@b1-nss-3-101]

Daytime sleepiness associated with narcolepsy is treated using stimulants, such as methylphenidate or dextroamphetamine. Cataplexy responds to anticholinergic agents. Sodium oxybate (also known as gamma hydroxybutyrate), which was approved by the US Food and Drug Administration in 2002, is approved specifically for the treatment of cataplexy; it increases the amount of slow wave sleep and improves sleep continuity. Its probable mechanism of action was reported to involve agonist activity at the γ-aminobutyric acid B receptor. Improving the quality of nocturnal sleep appears to reduce the severity of all of the classic narcolepsy symptoms.[@b1-nss-3-101],[@b60-nss-3-101]--[@b62-nss-3-101]

Kleine-Levin syndrome
---------------------

The rare Kleine-Levin syndrome typically presents in adolescents. There is a predominance of males, with a mean age of onset of 15 years. The episodes of severe hypersomnia and mood disturbance are present in all patients, but variability was observed in the type of mood change, between aggressiveness to decreased psychomotor activity. Hyperphagia and sexual disinhibition are reported in about 50% of cases, so are therefore not considered necessary to meet the criteria for diagnosis. An association with HLA DQB1\*0201 was noted.[@b63-nss-3-101]

Extrinsic dyssomnias
====================

Sleep onset association disorder
--------------------------------

Sleep onset association disorder mainly results from poor sleep habits. Night wakings in the infant and preschool-aged child are a normal event;[@b3-nss-3-101] normal children who are "good sleepers" differ from those who are "poor sleepers" in the ability to self-soothe and return to sleep after awakening. Children learn to expect the conditions that are present at sleep onset and become dependent on them to return to sleep after a night waking. Children who are used to falling asleep in their parents' arms while being rocked or fed a bottle often need their parents to re-establish these conditions after a night waking and are unintentionally trained by their parents to expect these conditions. Parents also experience stress and a profound sleep deficit that may result in negative impact on overall family functioning.[@b6-nss-3-101],[@b64-nss-3-101] Management consists of firmly eliminating association with external objects/actions, placing the infant to sleep in his/her own crib, and encouraging the parent to leave the room before the infant falls asleep. Eliminating the daytime naps and postponing bedtime by an hour were also advised as they may make the child sleepier and more prone to fall asleep.[@b1-nss-3-101]

Limit-setting sleep disorder
----------------------------

Limit-setting sleep disorder is another disorder the most typical presentation of which is preschoolers making excessive demands at bedtime to delay sleep onset. Repeated requests for stories, water, or another television show are common, and bedtime is frequently inconsistent. There is delayed sleep onset due to bedtime resistance, which is defined as requiring more than 20 minutes to fall asleep after going to bed.[@b16-nss-3-101] The degree of sleep loss depends on the length of time the child requires to fall asleep but is often enough to result in behavior and learning problems during the day. Management includes appropriate bedtime routines, and a consistent bedtime. Parents should be encouraged to be firm in their limit setting, both day and night.[@b6-nss-3-101],[@b65-nss-3-101]

Inadequate sleep hygiene
------------------------

Inadequate sleep hygiene includes those habits that enhance wakefulness and interrupt the sleep period, leading to a decrease in the quality or quantity of sleep and excessive daytime sleepiness. Examples of these habits include engaging in stimulating activities near bedtime, using the bed for activities not related to sleep (eg, playing, watching television), consumption of caffeine near bedtime, sleeping in uncomfortable bedroom (eg, too cold, hot, bright, or noisy).[@b34-nss-3-101],[@b35-nss-3-101] Inconsistent bedtimes and inappropriate napping are also a major contributor to the problem.[@b66-nss-3-101] Conversely, appropriate sleep hygiene includes those habits and activities that promote the initiation and maintenance of effective sleep. Therefore, the advised solution is modification of the sleeping environment to promote restful sleep, and parents may also adopt supportive bedtime routines as storytelling.[@b6-nss-3-101],[@b32-nss-3-101]

Insufficient sleep syndrome
---------------------------

Insufficient sleep syndrome is the most common cause of excessive daytime sleepiness in children and adolescents.[@b32-nss-3-101] It arises when the child fails to get an adequate amount of sleep to maintain appropriate wakefulness during the day. The child's usual sleep period is shorter than expected for age, and the child may experience daytime sleepiness or behaviors indicative of inadequate sleep (eg, inattention, irritability, and hyperactivity).[@b35-nss-3-101] Adequate or optimal sleep in children is not well defined in the literature,[@b67-nss-3-101] and the total amount of sleep necessary for peak functioning varies from individual to individual.[@b3-nss-3-101] It is reported that the child is getting enough sleep if he or she can fall asleep easily at night (in less than 20 minutes), wake easily at his or her normal wake time, and does not require daytime naps (except when developmentally appropriate).[@b6-nss-3-101] Close to 45% of high school students were reported to have expressed a need for more sleep on questionnaire surveys. Sleep diaries extending over 1--2 weeks and actigraphy can be used to document sleep length. Management is reported to consist primarily of modifying the daytime schedule in order to obtain more sleep at night.[@b1-nss-3-101]

Circadian rhythm disorders
==========================

This disorder results from the alteration of external cues or the inability to synchronize the internal clock with the external environmental clock.[@b32-nss-3-101]

Delayed sleep phase syndrome
----------------------------

Delayed sleep phase syndrome is the most common circadian rhythm disorder, accounting for about 10% of all insomnia complaints. It is related to dysfunction of the suprachiasmatic nucleus, which is the circadian timekeeper. Delayed sleep phase syndrome is associated with inability to advance sleep onset prior to a given time, and the patient is typically a teenager who is unable to fall asleep before 2--3 am. Sleep quality and duration are normal, but sleep onset and offset are at socially inappropriate times, leading to sleep--wake complaints. Treatment therefore consists of keeping a rigid morning wakeup time, and using 1--4 mg of melatonin at bedtime may help induce sleep. Daily exposure to bright light for 30 minutes immediately upon awakening every morning was also recommended because it helps to restore a normal rhythm.[@b1-nss-3-101] Melatonin has also been used successfully to treat sleep disorders in hyperactive children. In one study, doses of 2.5--5.0 mg nightly provided prompt sedation and improved sleep quality, with no side effects; children have tended to become more alert and sociable, with improvement of their daytime behavior.[@b68-nss-3-101]

Non-24-hour sleep--wake disorder
--------------------------------

Non-24-hour sleep--wake disorder occurs in patients who lack the ability to synchronize their circadian rhythms with the external environment, and continually have a 1--2-hour daily delay in their sleep phases.[@b33-nss-3-101] The disorder is usually observed in blind individuals. Melatonin administration in the evening may be of benefit in this disorder.[@b32-nss-3-101]

Irregular sleep--wake pattern
-----------------------------

Irregular sleep--wake pattern is a total disorganization of the pattern of sleep and wakefulness. The child has normal total sleep time during the 24-hour period, but the periods of sleep and wakefulness occur randomly throughout the day.[@b33-nss-3-101] This disorder is often seen in patients with diffuse brain injury from trauma or perinatal insult. Melatonin administration in the evening may be of benefit in patients with severe brain injury.[@b32-nss-3-101]

Time-zone change syndrome
-------------------------

Time-zone change syndrome occurs when rapid changes in the day-night cycle outpace the rate at which the suprachiasmatic nuclei can resynchronize to external stimuli, as in the case of air travel. Children tend to respond with less difficulty to these changes than older individuals.[@b32-nss-3-101] Melatonin may speed up the resynchronization process.[@b69-nss-3-101]

Parasomnias
===========

Confusional arousals
--------------------

Confusional arousals occur in the first 3 hours after sleep onset when the child experiences an abrupt transition from the deepest phases of NREM sleep, ie, stages 3 and 4, to a lighter stage of sleep. The episodes of arousal are commonly brief in duration, usually lasting 2--10 minutes. The child often appears confused and disoriented, with incoherent speech, and will re-enter deep sleep and have no recall of the episode next day.[@b6-nss-3-101],[@b28-nss-3-101],[@b70-nss-3-101] Predisposing factors for confusional arousals include obstructive sleep apnea, fatigue, sleep deprivation, and irregular wake/sleep schedules, all of which alter stages 3 and 4 NREM sleep.[@b70-nss-3-101] Prevalence rates are most likely underestimated because children do not recall the events and parents may not observe these night-time events.[@b28-nss-3-101] Parents should be reassured that these episodes are harmless, will diminish as the child matures, and that they should not try to awaken their child during the episode.[@b6-nss-3-101]

Somnambulism
------------

In somnambulism (sleep walking) the child sits up in bed with eyes open but is "unseeing." Activity may range from restlessness in bed to walking through the house. The child does not meaningfully interact with people and is often easily agitated; speech is usually mumbled and slurred, and is rarely intelligible. Arousal is difficult and, if successful, the child will appear confused, and recollection of the event is rare.[@b12-nss-3-101],[@b15-nss-3-101] Sleep walking is common, occurring in 1%--15% of children, and usually begins at the age of 4--8 years, is more common in boys than in girls, and is often associated with enuresis. Because the sleepwalker may try to unlock doors or windows, safety precautions must be taken. Management includes informing parents that the child is truly asleep and should be gently redirected back to bed without awakening. This sleep behavior is usually outgrown by adolescence, although parents should intervene if the child is in danger. Placing a bell on the child's bedroom door to alert parents whenever he leaves the bedroom, and placing locks out of reach of the child are suggested. Bedrooms for sleepwalkers should be on the ground floor of the home, and windows and doors must be secured.[@b6-nss-3-101] An intervention that proved effective in one study was scheduled awakenings.[@b71-nss-3-101] Parents kept a diary of the time of sleepwalking over several nights and then began to awaken the child 15 minutes before the sleepwalking had been occurring, making sure the child was fully awake for at least 5 minutes. With the use of this technique, sleepwalking was quickly extinguished in more than 80% of children.

Somniloquy
----------

Somniloquy (sleep talking), is another sleep behavior that is usually outgrown by adolescence and does not require any intervention.[@b6-nss-3-101],[@b15-nss-3-101]

Sleep terrors
-------------

Sleep terrors (pavor nocturnus) are typified by an extremely agitated child suddenly aroused from stage 4 sleep often screaming, with increased heart rate, and dilated pupils, who appears awake but will not coherently interact with people or surroundings. The child also appears confused and is inconsolable, difficult to arouse, and will not remember the event if aroused or upon awakening in the morning.[@b3-nss-3-101],[@b12-nss-3-101] Sleep terrors are a developmental phenomenon and are not a sign of underlying psychopathology. The disorder is reported in 1%--6% of the pediatric population, generally seen after 18 months of age, and usually disappears by age 6 years.[@b14-nss-3-101],[@b28-nss-3-101] Night terrors occur during stage 3 or 4 NREM sleep, approximately 90 minutes into sleep, so are seen during the first third of the night. It is advised to direct children gently back to their own beds, and they will then promptly fall back to sleep. Children with more violent, prolonged, or unusual episodes should be evaluated at a pediatric sleep disorders center.[@b6-nss-3-101]

Nightmares
----------

Nightmares are frequently confused with sleep terrors, but there are fundamental differences between the two. The average age of onset is 36--72 months, and they occur during REM sleep, so are seen during the last half of the night. Children become fully awake after a nightmare, they can remember graphic details, and frequently remember and talk about their nightmare the next morning.[@b28-nss-3-101] The incidence of nightmares ranges from 25% to 50% in children aged 3--6 years, and both genders are equally affected.[@b12-nss-3-101] Recurrent nightmares or those with disturbing content may indicate excessive daytime stress.[@b12-nss-3-101] Clinicians and parents should try to find out the possible cause for stress. Once the cause is revealed, measures should be taken to eliminate the child's exposure to the causative factor.[@b6-nss-3-101]

Nocturnal enuresis
------------------

Nocturnal enuresis is one of the most prevalent sleep problems in children and widely regarded as a parasomnia by most sleep researchers because it occurs only during NREM sleep. The etiology of primary enuresis is likely to be multifactorial. Achieving continence is maturational, and children who lag developmentally at 1 and 3 years of age are more likely to be enuretic at age 6 years. Family history of enuresis is often present. Enuretic children have been reported to have a lower functional bladder capacity, although their true bladder capacity is normal. Other than a thorough history and physical examination with attention to abdominal and neurologic examinations and a urinalysis, more workup is not indicated. Behavioral interventions, such as limiting intake of fluids in the evening and waking the child to use the bathroom before the parent goes to bed have often been tried. Medications, such as imipramine and desmopressin, had been tried as a next step, but multiple studies have demonstrated the superiority of bedwetting alarms in terms of cure rates, lack of side effects, and low relapse rates.[@b15-nss-3-101],[@b73-nss-3-101]

Rhythmic movement disorder
--------------------------

Rhythmic movement disorder involves the rhythmic movement of large muscle groups, such as the head and neck, occurring when the child is attempting to fall asleep, and may continue into stage 1 sleep. Age of onset is usually before the second birthday, and head banging and body rocking are the most common types seen. Polysomnographic monitoring during an episode can rule out seizure disorder.[@b35-nss-3-101] The disorder is usually transient and self-limited, and rarely requires intervention.[@b72-nss-3-101]

Benign neonatal sleep myoclonus
-------------------------------

Benign neonatal sleep myoclonus is an important parasomnia commonly misdiagnosed as epilepsy. REM sleep in babies is an active period. Along with flickering eye movements, there may be mouth movements and multifocal limb twitches which may cause diagnostic uncertainty, particularly when the jerks are very dramatic. This can be settled by a normal electroencephalogram. The jerks typically occur as the baby is drifting off to sleep, especially at the end of a feeding. They may consist of repetitive, high amplitude, rhythmic myoclonus of arms and legs that continues for seconds to minutes and may not stop simply by gently restraining a limb, but stop if the baby is awakened. When awake, the baby is completely normal. These events gradually disappear during the first 4--6 months of age. Treatment is unnecessary, and benzodiazepines may even exacerbate neonatal sleep myoclonus.[@b57-nss-3-101]

Nocturnal paroxysmal dystonia
-----------------------------

Nocturnal paroxysmal dystonia is a sleep disorder in which movements are often ballistic or choreoathetoid in character and often stereotyped, leading to misdiagnosis as epilepsy. However, prolonged sleep recordings, with extended electroencephalographic montages, fail to document epileptiform activity. They are seen during NREM sleep, and the dystonia may awaken the patient, causing sleep-state disruption. This disorder often responds to carbamazepine.[@b32-nss-3-101],[@b33-nss-3-101]

Bruxism
-------

Bruxism (teeth grinding) primarily occurs in stages I and II or during partial arousals or transitions. No electroencephalographic abnormality is recorded.[@b74-nss-3-101] It is suggested to result from tension that may originate in unexpressed anger or resentment. Helping the child find ways to express concerns and talking with the child at bedtime to help relieve some of the fears, as well as praise and emotional support, may alleviate the problem.[@b75-nss-3-101] Bite plates may be needed to prevent dental damage.[@b74-nss-3-101]

Sleep disorders associated with medical disorders
=================================================

A wide variety of medical and psychiatric disorders may produce sleep problems,[@b1-nss-3-101],[@b33-nss-3-101] and the following are the most important.

Sleep and epilepsy
------------------

Sleep disturbance is common in epilepsy, and the occurrence of seizures can have profound effects on sleep architecture lasting much longer than the postictal period. Daytime drowsiness in patients with epilepsy is not always due to the side effects of antiepileptics, and may be independently linked with sleep fragmentation.[@b76-nss-3-101]

Between 0.5% and 24% of people with epilepsy have seizures during sleep. The seizure threshold is often affected by changes in the level of arousal. Many interictal electroencephalographic abnormalities are activated by sleep, and sleep deprivation is well known to lower the seizure threshold.[@b77-nss-3-101]

Landau-Kleffner syndrome is the prototype of epileptic syndromes with electroencephalographic changes primarily augmented during sleep. It is characterized by regression in language, behavioral problems, and infrequent clinical seizures, commonly between three and 10 years of age, in association with epileptiform discharges during both NREM and REM sleep, occurring in more than 80% of the night sleep epochs, whereby an epoch is 30 seconds of nocturnal polysomnographic tracing. The syndrome of electrical status epilepticus in sleep is similar to Landau-Kleffner syndrome, leading mainly to global neuropsychologic deterioration; the epileptiform features are reported to remain restricted to NREM sleep. Nocturnal frontal lobe epilepsy, another sleep-related epileptic syndrome, is characterized by brief, 10--15- second periods of arousal from stages I and II of NREM sleep that may be accompanied by confusion, thrashing of the limbs, and vocalizations. Nocturnal seizures mimic parasomnias, and video polysomnography is the only definitive test to distinguish between epileptic and nonepileptic events.[@b1-nss-3-101]

Shoukry et al[@b77-nss-3-101] reported that nocturnal seizures in a child or adolescent are usually linked to benign childhood epilepsies and syndromes because 42.7% of 96 pediatric epileptic patients with sleep-related seizures and identified epileptic syndromes, had benign childhood epilepsy with centrotemporal spikes, 21.9% had juvenile myoclonic epilepsy, and 17.4% had grand mal on awakening epilepsy, 15.6% had nocturnal frontal lobe epilepsy, and only two patients had electrical status epilepticus in sleep.

It is important to highlight that epileptiform discharges occurring during sleep and their effect on learning and cognitive development have recently gained attention. Many developmental or acquired defects of language or behavior (eg, autism) had been postulated to be a consequence of apparently subclinical epileptiform discharges that interfere with specific cerebral processes, thus impairing plastic changes important for cognitive development and learning. Therefore, it was recommended to suppress these epileptiform discharges.[@b78-nss-3-101]--[@b84-nss-3-101]

Sleep-related gastroesophageal reflux
-------------------------------------

Regurgitation of stomach contents into the esophagus during sleep may lead to aspiration and exacerbate airway disease. The syndrome may mimic sleep apnea or seizure disorder, and is a major cause of apparent life-threatening events in infants. Diagnosis can be confirmed by radiologic studies of the upper gastrointestinal tract, esophageal pH probe studies, and in some patients, gastric scintigraphy. Treatment with thickened feeds and placing the child in a more upright position is often helpful.[@b32-nss-3-101]

Sudden infant death syndrome
----------------------------

Studies focusing on the risk factors for sudden infant death have shown that infants sleeping in the prone position rebreathe exhaled air or have oxygenation problems and decreased arousal.[@b85-nss-3-101]--[@b87-nss-3-101] Moreover, in this position the pharynx is more collapsible,[@b88-nss-3-101] thus risking airway obstruction. Genetic alterations in the brain stem,[@b89-nss-3-101] cell function,[@b90-nss-3-101] or cytokine profile[@b91-nss-3-101] were suggested to increase vulnerability in some infants. Cigarette smoke and its causal relationship to sudden infant death syndrome had also been studied, with confirmation of decreased arousal in smoke-exposed infants.[@b92-nss-3-101],[@b93-nss-3-101]

Sleep-related asthma
--------------------

Children may experience acute episodes of nocturnal dyspnea, arousing them from sleep. Night-time asthma may be due to increased airway resistance that occurs in the early morning. Hormonal changes may play a part in this increase in airway resistance, when cortisol and epinephrine are at their nadir. The decrease in muscle tone during sleep may also increase airway resistance, as well as the decrease in bronchodilator blood levels in the early morning because of increased metabolism.[@b32-nss-3-101],[@b74-nss-3-101] Obstructive sleep apnea may occur concomitantly with asthma; approximately 74% of asthmatics experience nocturnal symptoms of airflow obstruction secondary to reactive airways disease. Sleep deprivation, chronic upper airway edema, and inflammation associated with obstructive sleep apnea were suggested to exacerbate nocturnal asthma symptoms. Allergic rhinitis may aggravate both obstructive sleep apnea and asthma. Treatment with continuous positive airways pressure therapy has been reported to improve both daytime and night-time peak expiratory flow rates in patients with concomitant obstructive sleep apnea and asthma.[@b51-nss-3-101],[@b94-nss-3-101]

Future perspectives
===================

Finally, it is important to emphasize that sleep problems affect every aspect of the child's development, and that poor sleep in children affects general health, mood, behavior, learning, and higher-level cognitive functions. Moreover, misdiagnosis of sleep disorders often leads to undue investigations and excessive medication. Surveys of prevalence of sleep disorders in children, knowledge of parents and health care providers, and their attitude and practice are needed to highlight the scope and the cultural differences in the perception of the problem and improve measures to manage it in the pediatric age group. It is worth mentioning that further studies are needed to elucidate the relationship between subclinical epileptiform discharges during sleep and developmental behavioral disorders, and to identify measures to be taken to prevent the effect of these discharges on brain maturation at this critical period of brain development.
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###### 

Sleep disorders

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Dyssomnias**Intrinsic sleep disorders, eg, sleep disordered breathing, narcolepsy.Extrinsic sleep disorders, eg, sleep-onset association disorder, inadequate sleep hygiene.Circadian rhythm sleep disorders, eg, delayed sleep phase syndrome, irregular sleep--wake pattern.**Parasomnias**Arousal disorders, eg, somnambulism, sleep terror.Sleep--wake transition disorders, eg, sleep starts, sleep talking.Parasomnias usually associated with REM sleep, eg, nightmares, sleep paralysis.Other parasomnias, eg, sleep bruxism.**Sleep disorders associated with mental, neurologic, or other medical disorders**Associated with mental disorders, eg, psychoses, mood disorders.Associated with neurologic disorders, eg, sleep-related epilepsy.Associated with other medical disorders, eg, sleep-related asthma, sleep-related gastroesophageal reflux.**Proposed sleep disorders**, eg, short sleeper, long sleeper, terrifying hypnagogic hallucinations, sleep-related neurogenic tachypnea, sleep-related laryngospasm.
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviation:** REM, rapid eye movement.

**Note:** Based on *The International Classification of Sleep Disorders, Revised: Diagnostic and Coding Manual*;[@b34-nss-3-101] used with permission of the publisher.
